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Jan  1961  -  Jan  1962 
(1)  SUMMARY 

A  promising  modlfloation  to  the  original  KnitMeeh 
Multifil  packing  haa  boon  developed  aoid  tea  ted.  In  this 
modifioatlon  the  original  aplrall7«wo\md  meah  arrangement 
was  replaced  by  a  series  of  parallels  vertical  layers  of 
mesh.  By  this  arrangement  the  central  region  of  high 
density s  which  in  the  original  KnitHesh  is  thou^t  to 
oauso  the  aevoro  liquid  maldistribution  and  poor  distillation 
porformanco,  is  removed.  At  the  same  time  the  vertical 
layers  of  mo8h»  which  have  boon  shown  to  bo  doairable  for 
good  mass-transfer ,  are  rotainod. 

The  Parallol  Vortical  packing  has  been  tested 
at  atmospheric  pressure  and  at  200  mm.  Hg.  absolute 
prosBuro  in  a  six-lnchos  diameter  distillation  colunm. 

Tho  H.E.T.P.  values  at  atmospheric  prossiU'o  range  from 
2  inches  at  low  roflux  rates  to  5  inches  at  high  ratos. 

Tho  H.E.'^.P.  of  tho  original  KnitMosh  packing  is  botwoon  . 

5  and  6  inches.  Comparison  of  modifiod  packing  with 
other  high-off icloncy  packings  on  tho  basis  of  pressure- 
drop  per  thoorotloal  plato  shows  that  its  porformanco 
is  superior  to  all  othor  packings  at  ref Ituc-ratos  below 
800  Xb/hr.ft^. 

Tho  main  disadvantage  of  tho  Parallol  Vortical 
packing  is  tho  incroaso  of  its  H.E.T.P.  with  rof lux-rate. 

No  adequate  explanation  of  this  incroaso  is  yot  availablo. 

A  thoorotical  equation  for  tho  liquid  sproad 
in  a  randomly  packed  column  has  boon  dovolopod.  The 
equation  attempts  to  tako  into  account  tho  offset  of  tho 
oolumn  wall  on  tho  liquid  distribution. 


WOVEN  WIRE  PACKINGS 


PART  2  EXPERIMENTAL  WORK 
(a)  Introduction 

The  main  objective  of  this  Investigation  Is  the 
development  of  a  hlgh-of f Icloncy ,  low  pressure-drop 
woven  wire  column  packing.  The  prosont  report  describes 
work  corrlod  out  in  tho  third  year  of  the  rosoarch. 

Tho  previous  two  years'  Investigations,  which 
have  boon  described  In  tho  Final  Technical  Status  Reports 
of  Novombor  1959  and  Docombor  19^0,  established  tho  following 
conclusions ; 

1.  Tho  original  splrally-wotmd  wire  packing 
produces  a  poor  liquid  distribution.  A  sorlous  concentration 
of  liquid  occurs  at  tho  axis  of  tho  packing* 

2.  Tho  axial  concentration  of  liquid  Is  thought 

to  rosult  from  the  high  density  of  tho  coro  of  tho  packing, 
which  Is  causod  by  tho  method  of  aosombly  of  the  packing 
olomonts . 

3.  Tho  effect  of  this  liquid  maldistribution  Is 

to  reduce  the  mass-transfer  efficiency  of  tho  packing*  Thus, 
a  two-foot  depth  of  packing,  in  which  tho  maldistribution 
was  prosont  ovor  approximately  one  foot,  gave  S*)*  theoretical 
plates,  whilst  a  five-foot  depth  of  packing,  having  about 
four  foot  of  maldistributod  liquid,  produced  only  12 
thoorotlcal  plates. 

4*  Attempts  to  Improve  tho  mass-transfer  charac- 
torlstlcs  of  tho  packing  by  eliminating  tho  control 
concentration  of  liquid  woro  unsuccessful.  In  one 
modification  tho  central  flow  was  obstructed  by  a  sot  of 
discs  placed  between  packing  olomonts,  and  In  a  second 
modification  tho  vortical  packing  layers  woro  roplacod 
by  horlsontal  layers*  In  both  oasos  tho  llqUld  distribution 
was  Improved,  but  tho  distillation  performance  of  tho 
modifications  was  Inferior  to  that  of  tho  prlglnal  packing* 
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5*  As  a  result  of  Conclusion  (4),  above • 

It  Is  seen  that  the  bulk  liquid  distribution  Is  not  the 
only  major  factor  which  affects  the  efficiency  of  the  paolcing. 
It  Is  thought  that  the  mechanism  of  liquid  flow  over  the 
packing  is  of  Importance,  and  that  small-scale  spread  of 
liquid  takes  place  better  on  vertical  layers  of  mesh. 

This  report  describes  tests  performed  on  a  further, 
and  moro  successful,  modification  to  the  original  packing. 

In  this  modification  the  packing  is  assomblod  from  parallel 
vortical  layers  of  mesh.  By  this  arrangement  the  vortical 
layers  of  the  original  packing  are  rotainod,  but  the  central 
high  density  is  romovod.  In  this  way  the  central  liquid 
concentration  was  destroyed  v/ithout  tho  use  of  obstructions. 

The  parallel  vortical  packing  was  assembled  by 
hand  for  tho  initial  tests.  Those  tests  showed  tho  packing 
to  bo  superior  to  tho  original  arrangement,  and"*a 'supply 
of  factory-ma  e  packing  elements  was  then  obtained  and  tostod 
moro  thoroughly.  Distillation  and  distribution  measurements 
wore  made  in  six-inches  diameter  columns.  Tho  distillation 
tests  wore  performed  at  atmospheric  pressure  and  at  200  mm 
Hg  abs . 

Tho  performance  of  this  improved  packing  is 
compared  with  other  hlgh-officloncy  packings. 
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(B)  Initial  Testa  of  Modified  KnltMosh  Packings 

Tho  F.T.S.R.  of  Docomber  19^0  doscrlboa  tho 
testing  of  a  number  of  modifications  to  tho  original 
KnitHesh  Packing*  Tho  tests  woro  performed  in  tho  six- 
inches  diameter  distribution  column,  described  in  F.T*S*R* 
Oct.  1959,  and  tho  six-inches  distillation  column  described 
in  F.T.S.R.  Doc.  i960*  Tho  modifications  woro  designed 
principally  to  remove  tho  central  concentration  of  liquid 
observed  in  tho  initial  distribution  oxperiraonts  with  the 
original  packing.  Tho  tests  showed  that,  although  the  liquid 
distribution  was  improved,  tho  distillation  performances 
of  tho  modifications  was  inferior  to  that  of  tho  original 
packing. 

Two  now  modifications,  doscribed  below,  were  then 
tested.  They  woro  tested  directly  in  tho  distillation 
column,  before  their  distribution  properties  had  boon 
measured.  By  omitting  tho  distribution  tosts  tho  effec¬ 
tive  ness  of  tho  modifications  could  bo  more  quickly 
dotorminod. 

(i)  Cone-Shaped  Packing 

Previous  work  has  shown  that  modifications 
involving  obstructions  to  tho  central  liquid  flow  or 
horizontal  layers  of  mesh  aro  unsuccessful.  A  possible 
modification  which  maintains  the  vortical  arrangement  of 
mesh  layers  and  avoids  the  use  of  obstructions,  but  at 
the  same  time  attempts  to  displace  liquid  from  tho  coro 
of  tho  packing,  comprises  a  sot  of  coxio-shapod  elements 
formed  from  tho  original  spiral ly-v/ound  olomonta  by  pushing 
out  (along  tho  axis)  tho  central  region  of  tho  packing* 

If  tho  convex  cone  surface  of  tho  olomont  points  upwairds 
thoro  may  bo  a  tondancy  for  liquid  flowing  throtigh  tho 
packing  to  run  from  tho  centre  towards  tho  wall|  and  thoroby 
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roduoo  tho  central  flow.  An  advantage  of  this  modification 
is  that  it  can  bo  vory  easily  made  from  tho  original  packing 
olomonts • 

This  cono<*8hapod  modification  was  mado  from  tho 
normal  d^stand  Multifll  Copper  KnitMosh  sections  by  deforming 
tho  oloments  to  give  a  cono  angle,  moasurod  botwcon  tho 
axis  and  tho  sloping  face  of  tho  cono  of  45^*  Dlsplacomont 
of  liquid  towards  tho  wall  will  bo  greatest  whon  adjacent 
packing  olomonts  aro  not  in  contact,  and  so  spacers  woro 
placed  botwoon  adjacent  soctions.  Tho  spacors  consisted 
of  four  metal  limbs  of  ^  -  inch  depth  joined  to  each  other 
at  one  of  their  ends  to  form  the  skeleton  of  a  cono  whoso 
apex  is  tho  point  of  interconnection  of  tho  limbs. 

Tho  packing  was  tested  in  tho  slx-*incho8  diamotor 
distillation  column  described  in  F.T.S.R.  Doc.  I960. 

Five  packing  elements  woro  loaded  into  tho  column  to 
givo  a  packed  depth  of  2  foot  moasurod  from  tho  base  of 
tho  bottom  element  to  tho  apex  of  the  top  packing  olomont* 
(ii)  Parallel  Vortical  Packing 

A  second  modification,  in  which  vortical  layors 
of  mosh  arc  used  and  which  avoids  obstructions  to  tho  liquid 
flow,  was  constructed  from  tho  original  packing  elements 
as  follows 

Tho  original  element  was  unwound  to  give  a 
continuous  ribbon  of  multifil  mosh  which  was  then  carefully 
folded  in  a  zig-zag  manner  so  as  to  form  a  sot  of  parallel 
vortical  layors  of  mosh.  The  lengths  of  tho  individual 
layors  woro  vr  riod  so  that  tho  assomblod  mass  was  circular 
in  cross-soction,  its  diamotor  being  approximately  six 
inches  Tho  last  18  inches  of  tho  band  was  not  folded  in 
this  way,  but  was  passed  rotmd  tho  circxunforonco  of  tho 
assembly  so  as  to  hold  tho  parallol  layors  tightly  togothor. 
Tho  rosuXting  packing  olomont  was  of  fairly  ovon  density ,  in 
particular  thoro  was  no  oontral  region  of  high  density. 
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A  two-feet  depth  of  this  packing  (6  packing  elements) 
was  tested  in  the  six-inches  diameter  distillation  column* 

(iii)  Results  of  Distillation  Tests 

Using  a  Total  Reflux  Rate  of  550-600  Ib/hr. 
the  H.B.T.P.  values  of  the  two  modifications  wore  as  follows. 
Cone-Shaped  Packing  H.E.T.P.  s  5*0  inches 
Parallel  Vertical  Packing  H.E.T.P.  s  2.2  inches 
The  original  KnitHesh  packing  gave  an  H.B*T«P. 
of  2.8  inches  undersimilar  conditions  (cf.  F.T.S.R.i  Dec. 
i960,  p.l7)*  The  Cone-Shaped  packing  was  therefore  an 
unsatisfactory  modification,  but  the  Parallel  Vertical 
Packing,  whose  H.E.T.P.  value  was  about  25^  less  than  that 
of  the  original  KnitHesh,  was  thought  to  be  a  promising 
packing  arreingement . 

The  next  section  describes  more  detailed  tests 
of  this  modified  packing. 
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(c)  Testing  of  the  Parallel  Vertical  Packing 

(1)  Tests  with  4  ft.  6  Ins  depth  of  Hand^Made  Packing 

Previous  work  had  shown  that  the  performance  of  the 
original  KnltHosh  packing  deteriorates  with  Increase  of 
packed  depth.  The  first  investigation  of  the  performanco 
of  the  Parallel  Vertical  modification  was  therefore 
designed  to  establish  the  effect  of  an  Increaso  In  tho 
packing  depth. 

Sufficient  elements  to  fill  tho  five-foot  long 
slx-lnches  diameter  column  section  wero  constructed  by 
h€Uid.  Tho  four  foot  six  Inches  dopth  of  packing  was 
tested  In  the  distillation  column  over  a  range  of  total 
Hof lux  rate  from  I85  to  620  Ib/hr.ft^. 

(2)  Tests  with  Factorv^Mado  Packing  -  Distillation  at 

Attnosphorlc  Pressure. 

Tho  results  of  part  (l),  see  above  and  Table  1  p9> 
showed  that  tho  improved  performanco  of  tho  Parallel 
Vertical  packing  observed  with  a  two-foot  dopth  of 
packing  was  maintalnod  with  a  fivo-feet  depth.  The 
hand-uado  packing  olomonts  aro  imporfoct  in  construction, 
and  for  the  purposes  of  detailed  testing  of  the  modification 
a  supply  of  accurately  assembled  elements  was  obtained  from 
KnitMcsh  Ltd.  These  factory-made  elements  wore  constructed 
in  a  slightly  different  way  from  tho  heu-d-mado  packing. 
Instead  of  assembling  an  clement  from  a  continuous  folded 
ribbon  of  knitted  mesh,  each  layer  of  tho  factory-made 
variety  was  an  Individual  longth  of  ribbon,  cut  to  tho 
appropriate  slzo,  such  that  a  moro  accurately  circular 
cross  section  resulted  from  tho  assembly  of  tho  several 
lengths  of  ribbon.  Tho  parallel  lengths  of  mosh  wore  again 
onclosed  in  a  circiimforontial  band  of  mesh. 

A  dopth  of  4  ft.  6  ins  of  tho  packing  was  tostod 
at  total  roflux  and  at  atmospheric  pressure  in  tho  six- 
inches  diameter  distillation  column.  In  tho  tests  tho 
H.B.T.P.  and  pressure  drop  of  tho  packing  wore  measured 
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using  the  system  Methyloyclohexane-Toluene .  Boll-up  rates 

2 

in  tho  range  100  to  1000  Ib/hr.ft  woro  omployods 

Tho  proesuro  drop  across  tbo  packing  was  noasurod 
by  a  water  manomotor  connected  to  nitrogen  bloods  to  tho  top 
and  bottom  of  tho  coltimn. 

Tho  majority  of  thoso  runs  woro  performed  with  a 
well  distributed  reflux  to  the  top  of  tho  packing.  In  a 
number  of  runs,  however,  the  reflux  was  fed  to  tho  packing 
as  two  concentrated  central  strocuns.  This  arrangement  was 
Intended  to  Investigate  the  effect  of  tho  Initial  distribution 
of  liquid  on  tho  packing  performance. 

(3)  Tests  with  Factory  Made  Packing  -  Distillation  at  200  mm 

Hg.  Abs. 

Using  the  same  packing  as  in  (2)  above  a  number  of 
runs  wore  performed  at  a  pressure  of  200  mm.  Hg.  Absolute. 

These  runs  were  Intended  to  give  an  indication  of  tho  perfor¬ 
mance  under  vacuum  of  the  parallel  vertical  packing. 

(4)  Distribution  Measuromonts  with  Parallel  Vertical  Packing 

Tho  distillation  r\ms  with  tho  hand-made  and  factory- 
mado  Parallel  Vortical  packing  both  showed  on  increase  of 
H.E.T.P.  with  reflux-rate.  (Soo  below,  p  10  ).  It  was 

though  that  this  increase  might  be  tho  result  of  a  deterioration 
of  tho  liquid  distribution  with  increasing  liquid  rate. 

A  number  of  distribution  measurements  were  therefore  performed 
in  the  six-inches  diameter  distribution  column  (see  F.T.S.R. 
October  1959)  •  Tho  hand-made  and  tho  factory-made  packings 
woro  tested  as  follows. 

(1)  A  depth  of  4  ft  6  ins  of  the  hand-made  backing 
was  tested  with  a  woll-dlstrlbutod  feed  of  Gas  Oil  .  Total 

0 

flow  rates  in  tho  range  100-550  Ib/hr.ft  were  used. 

(il)  With  tho  factory-mado  mosh  -  (a)  with  a  4  ft. 

^  iiMiu.  psucking  depth  tho  variation  of  liquid  distribution 
with  total  liquid  rato  was  Invostlgatod ,  using  a  distributed 
source  of  Gas  Oil, 
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(b)  the  distributions  with  a  central  point  food 
and  with  a  distributed  food  wore  compared; 

(c)  tho  variation  of  tho  liquid  distribution  with 
depth  of  packing  was  measured,  using  a  distributed  source 
of  constant  flow  rate  equal  to  400  lb .per  hr .ft  • 


(5)  Results 

( a)  Hand"»Made  Mosh 
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H*£.T.P.  values  at  a  number  of  Boil-Up  ratos  aro 
shown  in  Table  1,  and  aro  plotted  on  Graph  2.  (Back  of  this 
report) . 


Boil-Up  Rate 
Ib./hr.tt^ 

Number  of 

Thoorotical  Plat os 

H.E.T.P 

inches 

143 

27 

1.9 

185 

25 

2.15 

270 

23 

2.35 

420 

15 

3.6 

560 

13.2 

4.1 

620 

11.6 

4.65 

1 _ 

Table  1  Distillation  Performance  of  Hand-Made  Parallel 

Vertical  Packing 

Table  1  shows  that  at  low  boil-up  rates  the  performeoice 
of  the  packing  is  excellent ,  but  that  the  H*E*T.P.  increases 
with  boil-up  rate.  However,  in  the  range  of  boil-up  rates 
investigated  the  H.£.T*P.  is  always  less  than  that  of 
the  original  KnitMesh  Packing.  (The  H.E.T.P.  of  the 
spirally-wound  packing  was  5*^  inches  over  the  whole  range 
of  reflux  rates.) 

The  variation  in  liquid  distribution  with  variation 
in  liquid  rate  is  discussed  below. 

(b)  Factory-Made  Mosh  Distillation  at  Atmospheric 

Pressure  and  at  200  mm  Abs. 

Pressure  _ 

The  results  of  all  the  distillation  tests  aro  given 
in  Table  2 . 

The  following  graphs  woro  constructed  from  Table  2. 
Graph  1  -  the  variation  of  H.E.T.P.  with  vapour  velocity. 
Graph  2  -  tho  variation  of  H.E.T.P.  with  boil-up  rate. 

Graph  2  includes  tho  results  for  tho  hand-made  Parallel 
Vortical  packing,  taken  from  Table  1. 

Graph  3  -  tho  varioation  of  prossuro  drop  with  xf  • 

This  is  tho  Rood  and  Fensko  prossuro  drop  correlation 
which  has  boon  widoly  applied  to  randomly-packed  columns* 
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(o»f.  Reed  and  Foneke.  Xnd • Eng • Chom • i  kZt  659  (l950)). 
Graph  4  «  tbo  variation  of  pros euro  drop  por  thooro tical 

plato  with  vapour  velocity.  Tho  pro ssuro '-drop  por 
thoorotical  plato  has  boon  proposed  by  Ellis  and  Varjavandl 
(c.f.  Chon,  and  Proc.Eng.  2*  ^93  1958)  n  suitable 
paramotor  for  comparing  high-efficioncy  packing. 


Run 

Boil  XJp 

Rate  2 

Ib./hr.ft 

NUciber  of 
Theoretical 
Plates 

B.E.T.P. 

inches 

P 

nm.  H2O 

P  per 
T.P. 

mm.  H2O 

Vapour 

Velocity 

V  ft/sec. 

A  760  tt*.  Fressura  Ibstributsd  Feed. 

B 

165 

26 

2.1 

0.234 

0.104 

295 

22 

2.45 

1 

0.046 

0.419 

0.186 

329 

18.5 

2.9 

2 

0.11 

0.466 

0.207 

386 

21.5 

2.5 

3 

0.12 

0.547 

0.243 

462 

15.6 

3.45 

6 

0.38 

0.684 

0.303 

580 

15.4 

3.5 

8.5 

0.55 

0.822 

0.365 

■■ 

640 

14.0 

3.9 

13 

0.95 

0.908 

0.403 

8 

652’ 

14.0 

3.9 

11 

0.86 

0.925 

0.410 

mm 

742. 

12.9 

4.2 

15 

ia7 

1.025 

0.467 

880 

11.5 

4.7 

- 

- 

1.248 

0.555 

B 

960 

10.4 

5.2 

- 

- 

1.369 

0.607 

m 

1080 

9.6 

5.6 

61 

6.3 

1.530 

0.680 

B  760 

m*  Pressure.  Point  Feeds  at  Centre. 

13 
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Graph  2  shows  that  the  factory-mado  packing  is  superior 
to  tho  hand-mado  packing*  Tho  H*2*T*P.  of  the  fomor 
Incroasos  loss  rapidly  with  increasing  reflux  rate  than 
does  that  of  tho  latter*  Kowovor,  tho  fall  of  offlcioncy 
with  increasing  roflux-rato  is  still  sufficiently  marked 
to  bo  a  disadvantage  of  tho  Parallel  Vortical  packing. 

Graph  3  shows  that  tho  pressure  drop  through  tho  packing 
at  roduood  proasuro  cannot  bo  correlated  by  tho  Hood 
and  Fonsko  factor*  Vork  by  Varjavandi  (Ph*D.  thesis > 
University  of  Birmingham,  1959)  on  two-lnchos  diamotor 
KnitMosh  packing  roaultod  in  tho  same  conclusion.  Thoro 
is  at  prosont  no  satisfactory  method  of  correlating 
and  predicting  tho  pressure  drop  in  knitted  mosh  packings. 

Tho  pressure  drop  per  theoretical  plate  (aeo  Graph  k) 
is  lower  at  tho  reduced  pressure,  and  on  tho  basis  of 
this  criterion  it  can  be  predicted  that  tho  modified 
packing  will  bo  suitable  for  distillation  xmdor  vaeuxun. 

( C)  Distribution  Moasuromonts 

Graph  V  shows  the  liquid  distribution  obtained 
with  tho  hand-made  Parallel  Vortical  Mosh. 

Graph  5  shows  tho  distribution  with  tho  factory- 
made  mesh. 

Both  graphs  show  that  a  wall-effect  -  io .  a  concon- 
tratlon  of  liquid  flow  on  tho  column  wall-  is  prosont 
in  tho  modified  packing.  Tho  main  difference  botwoon  tho 
hcuid-mado  and  tho  f actox*y-inadc  packings  is  that  in  tho 
former  packing  tho  liquid  flow  increases  progressively 
towards  tho  wall,  and  tho  wall  effect  becomes  more  markod 
with  increasing  liquid  rate  whilst  for  tho  factory-mado 
mosh  most  of  tho  liquid  roinnlng  down  tho  wall  appears 
to  bo  drawn  from  tho  packing  adjacent  to  tho  wall,  and 
tho  wall-offoct  is  not  signlf icantly  affected  by  tho 
liquid  rato*  The  liquid  distribution  in  tho  central 
rogions  of  tho  packing  is  more  oven  in  tho  faotory-mado 
packing*  This  improvomont  in  tho  distribution  in  tho 
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faoory*mado  moab  may  explain  its  gonorally  bettor  distillation 
porformanoo,  but  tho  Incroaso  In  with  roflux 

rato  cannot  bo  simply  explained  In  torms  of  tho  liquid 
distribution. 

Graph  5(l>)  shows  that  tho  final  liquid  distribution 
Is  not  much  Influenced  by  tho  ovon  distribution  or  othoxvlso, 
of  tho  food  •  This  fact  probably  explained  tho  similarity 
botwoon  tho  H.S.T.P.  values  obtained  with  a  point  rofliuc 
to  thoso  obtained  with  a  distributed  roflux  (Soo  Graph 
2).  It  should  not  bo  nocosoary  to  provide  an  elaborate 
distributing  plate  In  order  to  obtain  the  best  distillation 
porformainco  of  tho  modified  packing. 

(D)  Modifications  to  tho  Parallel  Vortical  Packing 

It  was  thought  to  bo  of  Intorost  to  tost  a  number 
of  different  arrangements  of  parallorl  vortical  moshos. 
Firstly,  It  may  bo  possible  to  produce  a  cheaper  type 
of  packing  by  using  mono-filament  mesh  together  with  tho 
multl-filamont  mesh.  Tho  low-density  mono-f llamont  mosh 
could  bo  used  to  spaco  apart  tho  layers  of  nultl-fllamont 
mosh  which  wero  the  principal  surfaces  on  which  mass- 
transfer  was  taking  place.  Secondly  it  has  boon  observod 
that  if  tho  vortical  mosh  is  rotated  through  90^,  so 
that  tho  axis  of  tho  ribbon  of  mosh  is  vortical,  tho  spread 
of  liquid  over  tho  mosh  surface  is  greater,  and  tho  area 
for  mass  transfer  to  or  from  tho  mosh  is  thus  oxpsoted  . 
to  be  increased  •  The  use  of  parallel  layers  of  mesh 
mcdcos  the  assembly  of  a  packing  element  Incorporating 
these  modifications  possible.  A  spirally-wound  mosh  la 
much  loss  suitable  for  such  modifications* 

At  the  time  of  writing  two  modified  parallol, 
vertical  packing  arrangements  have  been  tosted  In  tfie 
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slx-lnchos  dlamotor  distillation  column* 

(1)  Alternate  layers  of  uncrimpod  multifil  and 
crimpod  mono-fllamont  coppor  mesh.  A  two-feet  depth  of 
packing  was  tested* 

(2)  Parallel  Vertical  multifilamont  mesh  with  the 
axes  of  the  mesh  ribbon  parallel  to  the  column  axis*  Since 
the  long  sides  of  the  mesh  are  parallol  to  the  column  axis 
the  packing  elements  wore  most  conveniently  made  in  lengths 
greater  than  the  four  inches  of  the  original  modification* 

The  column  was  loaded  with  five  olomonts  each  one  foot  in 
length* 

Both  of  these  sub-modifications  were  tested  and 
a  number  of  boil-up  rates,  and  a  consistent  value  of  H.E.T.P'2'' 
of  about  10  ins  was  obtained  for  both  packings  at  all  rcfliix 
rates*  Neither  of  theso  sub-modifications  was  satisfactory. 

(b)  Tests  in  a  2  inches  square  Column 

A  small  column  was  constructed  for  the  purpose  of 
testing  on  a  small-scale  further  modifications  to  tho 
packing.  Modifications  can  bo  more  cheaply  and  more  quickly 
assembled  on  a  small  scalo. 

Tho  column  consists  of  a  2  inches  square  x  2k  inchos 
long  brass  section  in  which  tho  packing  is  mounted*  One 
side  of  tho  brass  case  C£in  be  removed  for  loading  the 
packing.  Tho  brass  section  is  connected  to  a  glass 
robollor  and  a  condenser*  Liquid  sample  points  are 
provided  at  tho  top  and  bottom  of  tho  column,  and  thoro 
is  a  roflux  motor  between  tho  column  and  the  robollor* 

Tho  column  has  boon  used  to  tost  tho  performance 
of  tho  following  packing  arrangomonts  made  up  from  tho 
original  KnitMosh  ribbon: - 

(1)  four  inches  long  olomonts  of  parallol  packing 
identical  to  tho  typo  tested  in  tho  six  inchos  diaimotor 
column* 

(2)  Two-inches  cubo  olomonts  in  which  tho  layers 
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of  mo«h  woro  horizontal* 

(3)  Four  Inchos  long  oXomonte  aimilor  to  (l) 
abovo  but  in  which  wiros  wore  usoci  instoad  of 

8-8trand  wiros.  Graph  7  shows  tho  variation  of  tho 
values  of  those  throe  packings  with  boil-up  rate  at  total 
roflux  and  also  tho  H*£*T*P*  values  for  the  parallol  mosh 
packing  in  tho  6  inchos  diomotor  colunm.  Graph  8  shows 
tho  corresponding  prossuro  drop  in  those  packings* 

It  will  bo  soon  from  Graph  7  that  tho  H.E.T.P*  valuos 
of  tho  8  strand  packings  in  tho  2  inchos  column  aro  loss 
than  thoso  in  tho  6  inchos  column*  Tho  "diamotor  offoct'*, 
whoroby  tho  H.E.T.P.  of  the  packing  incrcasos  with  column 
diameter,  is  still  present  in  tho  modified  packings,  although 
its  roagnitudo  has  boon  considerably  reduced,  ospocially 
at  low  boil-up  rates. 

Tho  5  strand  mosh  was  found  to  bo  somewhat  loss 
officient  than  the  S  strand  meshes,  probably  because  of  the 
smaller  mass  transfer  area  which  tho  5  strand  mosh  provides, 
but  the  5  strand  packing  is  of  interest  in  view  of  its  lower 
cost  and  reduced  pressure  drop.  Its  performance  undor  high 
vac cuum whore  its  low  pressure  drop  is  of  particular 
Importance,  is  at  present  being  investigated. 

The  high  efficiency  of  the  horizontal  packing 
arrangement  in  the  2  inches  column  was  unexpected*  The 
large  difference  from  the  performance  of  this  packing  in 
a  6  Inchos  column  is  not  understood*  Tho  advantage  of  the 
high  cfficioncy  of  this  jbacking  over  a  wldo  boil-up  range 
is  to  some  extent  off-sot  by  tho  higher  prossuro  drop 
which  tho  packing  was  found  to  produce  and  by  tho  difficulty 
of  making  up  tho  packing  for  small  diomotor  columns. 

(F)  Discussion  of  Results 

Tho  Parallel  Vortical  Mosh  Packing  has  distillation 
and  liquid  distribution  proportios  which  arc  superior 
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to  tho  original,  splrally-wound ,  KnitMosh  packing.  In 
Graph  6  the  porformanco  of  tho  modified  packing  Is  comparod 
with  that  of  a  number  of  other  hlgh-off Icloncy  packings. 

Tho  data  plotted  In  Graph  6  was  obtained  at  atmospheric 
pressure  In  six-inches  diameter  columns. 

The  packings  chosen  for  comparison  were 

(1)  Stodman  Packing  (Stedman.  Cn.J. Research,  B15  3^3  (l?37)) 

(2)  McMahon  Packing  (McMahon,  Ind . Eng . Chom . ,  712  (194?)) 

(3)  Borad  Rings  (Ellis  and  Goodwin,  Ind. Chemist,  37 »  ^36, 

(I96I) 

The  H.E.T.P.  values  of  the  Parallel  Mesh  packing 
are  scon  from  Graph  6  to  be  higher  than  those  of  tho  best 
. continued. 
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packing  (stodman)i  but  they  arc  novortholoss  within  tho 
range  of  tho  boat  packings  which  havo  so  far  boon  dovisod* 

Tho  low  H.E.T.P.  values  at  boil-up  rates  of  200 
Ib/hr.ft  and  loss  may  indicate  that  tho  packing  will  bo 
suitable  for  use  under  roducod  prossuros.  Tho  maximum 
boil-up  rates  undor  vacuum  aro  loss  than  thoso  at  atmos- 
phoric  prossuros  owing  to  tho  higher  vapour  velocity 
which  promotes  flooding  at  much  lowor  liquid  rates.  At 
prossuros  bolow  about  100  mm  Hg.  tho  maximum  roflux  rate 
will  hot  oxcoed  200  Ib/hr.ft^.  Grv^Tjti  2  shows  that  tho 
H.E.T.P,  values  of  tho  packing  at  200  mm  and  at  atmospheric 
prossuros  aro  similar  at  low  boil-up  rates  bolow  200 
Ib./hr.ft^. 

Tho  main  advantage  of  tho  Parallel  Vortical  packing 
is  soon  to  llo  in  its  low  pressuro-drop  por  theoretical 
plato,  as  shown  In  Graph  6.  At  boil-up  ratos  bolow  800 
lb. por  hr. ft tho  packing  gives  tho  lowest  values  of 
this  factor  of  any  of  tho  packings  compared • 

It  will  bo  soon  from  Graph  6  that  in  gonoral  low 
H.E.T.P.  value  is  ob*%ainod  at  tho  expanse  of  a  high 
presssuro-drop I  but  at  low  reflux  ratos  tho  Parallel  vortical 
packing  combines  a  low  prossurc-drop  with  H.E.T.P.  values 
which  aro  only  ono  half  to  two- thirds  those  of  Borad 
Kings,  which  aro  tho  only  other  packing  having  a  low 
pressuro-drop.  Tho  Parallel  Vortical  packing  is  thus  tho 
most  suitable  packing  whon  a  low  prossuro-drop  is  essential • 
As  mentioned  above,  and  as  can  be  seen  from  Graph 
6,  the  main  disadvantage  of  the  modified  packing  is  the 
increase  of  its  H.E.T.P.  with  increasing  reflux  rate. 

This  increase  cannot  be  readily  explained  in  terms  of 
the  liquid  distribution  properties  of  the  packing. 
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A  possible  explanation  is  the  decrease  In  contact 
time  between  the  liquid  and  vapourphases  as  the  vapour 
velocity  increases.  The  change  in  vapour  velocity 
cannot,  however,  be  the  only  factor  which  determines 
the  change  in  H.E.T.P.  values.  This  is  shown  by  Graph  1 
where  the  H.E.T.P.  at  a  given  vapour  velocity  is  less 
at  200  mm  pressure  that  at  atmospheric  pressure.  Further* 
more,  as  Graph  6  shows,  the  H.B.T.P.  values  of  the 
Parallel  Kesh  pacZ-ing  increase  more  rapidly  with  reflux 
rate  tha^.  Uo  those  of  the  other  high-efficiency  packings, 
whereas  the  effect  of  increasing  vapour  velocity  would 
be  expected  to  be  similar . 

It  is  possible  that  tho  liquid  hold-up  also  has 
an  effoct  on  tho  H.E.T.P.  values.  At  the  reduced  pressure 
the  liquid  hold-up  and  the  liquid  flow-rate  for  a  given 
vapour  velocity  arc  loss  than  those  at  atmospheric 
pressure,  and  a  closer  approach  to  equilibrium  between 
the  vapour  and  liquid  phases  is  possible. 

(9)  Conclusions 

(1)  By  replacing  tho  spirally-woiind  arrangement 
of  tho  original  KnitHcsh  packing  by  an  arrangoment  in 
which  tho  layers  of  mesh  aro  vertical  and  parallel 

to  each  other,  a  packing  having  improved  distillation 
ef f icioncy  is  obtained. 

(2)  This  modified  packing  has  H.E.T.P.  values  in 
the  range  2-5  hichos  in  a  six-inches  diamotcr  column,  as 
compared  to  5-6  inches  for  tho  original  KnitMesh. 

(3)  Tho  modified  packing  has  a  low  pressure  drop, 
and  for  reflux  ratos  below  800  Ib/hr.ft  its  pressure 
drop  por  thoorotical  plato  is  lower  than  any  other 
high-of ficioncy  packing  which  has  boon  usod  In  columns 
of  largo  diamotor. 
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(4)  Both  tho  H*E«T.P«  valuo  and  tho  prosouro  drop 
of  tho  packing  Incroaso  with  roflux  rate,  and  at  high 
ratos  tho  packing  Is  loss  satisfactory  than  a  niimbor  of 
othor  hlgh-off  icloncy  packings  • 

(5)  No  satisfactory  explanation  can  at  prosont 
bo  glvon  for  this  dotorloration  of  tho  porformanco  of 
tho  packing  with  Increasing  liquid  rato.  Xt  cannot  bo 
adequately  explained  In  torms  of  tho  liquid  distribution 
properties  of  tho  packing, 

(6)  Tho  U8o  of  parallel  layers  of  mesh  onablos 
packing  olomonts  which  are  not  circular  in  cross*soctlon 
to  bo  more  easily  constructed. 
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PART  3  THEOIUSTIQAL  WORK 

(a)  Introduction 

Tho  alms  of  tht  thoorotlcal  work  havo  boon  dosorlbod 
In  tho  Final  Tochnlc^l  Status  Report  of  Docombor  I960. 

This  report  doscrlbo^  tho  derivation  of  tho  equation 


dM 

3x^  3  z 


for  liquid  spread  In  a  rcoidomly-packod  column  (Seo 
p  26  for  the  measuring  of  the  oynbols  used  In  this 
section) • 

In  tho  majority  of  rjiindoraly-packcd  columns  there 
is  a  more  or  loss  serious  "wall-off cct”  -  io.  concentration 
of  liquid  flow  on  the  column  wall.  Any  adequate  thoorctical 
prediction  of  tho  liquid  distribution  in  a  packed  column 
must  toko  this  wall-off oct  into  account • 

Previous  attempts  to  predict  the  liquid  distribution 
(see  Tour  anfl  Lchiraan,  Trans  .Am. Inst  .Chom. Eng.  ,  21 
719  (1939)  and  Cihla  and  Schmidt,  Coll . Czech. Chom. Comm. , 

22.  896  (1957)  and  2^,  569  (1958))  are  unsatisfactory 
in  that  they  do  not  take  into  account  tho  wall  effect. 

Below  wo  describe  a  solution  of  equation  (l) ,  above, 
in  which  an  attempt  is  made  to  allo\7  for  tho  wall-effect. 

The  solution  contains  two  paramomators  which  have  to  bo 
determined  experimentally,  and  mothoda  arc  suggostod 
for  their  evaluation. 

(b)  Solution  of  tho  Liquid  Spread  Equation  with  Wall-Ef foct_^ 
For  a  circular  column  equation  (l)  la  written  in 
polar  co-ordinates . 


i  ^ 

r  "Sr 


(r. 


(2) 
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Tho  boundary  conditions  for  tho  solution  of 
equation  £  aro  obtained  from  oonsidoratlon  of  tho  physical 
roquiromonts  for  tho  irrigation  of  a  packed  column. 

Tho  oolvunn  is  of  limitod  radius  a»  at  which 
radius  tho  diffusing'* liquid  moots  tho  colijunn  wall. 

It  is  known  that  a  proportion  of  tho  liquid  reaching  tho 
wall  is  roturnod  to  tho  packing,  whilst  tho  rest  romains 
on  tho  wall.  Thoro  is  xio^  ovidonco  that  tho  wholo  of 
tho  liquid  reaching  tho  wall  is  rotainod  by  tho  wall. 

If  tho  wholo  woro  rotainod  by  tho  wall,  thon,  in  a  column 
of  suffioiont  longth,  thoro  would  bo  a  nogligiblo 
proportion  of  tho  liquid  romaining  in  tho  packing. 

It  is  frequently  obsorvod  that  after  a  sufficient 
dopth  of  packing  tho  rates  of  liquid  on  tho  wall  and 
in  tho  body  of  tho  packing  attain  constant  values. 

In  ordor  to  adequately  explain  the  behaviour 
of  tho  wall  if  must  bo  considorod  as  acting  neither 
as  a  perfect  rofloctor  of  liquid  nor  as  a  porfoct 
sink  of  liquid.  It  is  assumed  in  tho  present  treatment 
that  tho  wall  bohavos  in  such  a  way  that  the  flow  rate 
per  unit  area  in  tho  packing  adjacent  to  tho  wall, 

M( g..  g) .  is  proportional  to  tho  total  flow  rate  on  tho 
wall,  W(z) 

lo  M(a,z)  S  K  w(z)  (3) 

whore  K  is  a  constant,  which  is  roferrod  to  as  tho  Vail 
Co->offlciont . 

At  any  dopth  z  bolow  tho  top  of  tho  packing 
tho  flow  rate  from  tho  packing  to  tho  wall  is 


/ZM(r,*)\ 

-  «  \  ir  )  r  .  . 
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The  valua  of  Wf  a)  at  any  dapth  ^  is  ths  oua  of 

all  the  liquid  which  has  floi/ed  to  the  wall  above  g,, 

e 

!•  W(z)  -  -  2ffa  D,  \  (  — ^  )  d*  (4) 

«  min' 


where  a  min  is  the  depth  below  the  top  of  the  packing 
at  which  liquid  first  appears  at  the  wall. 

Eliminating  V(z)  by  means  of  2  boimdary 
condition 


M(a,z) 


(5) 


Is  obtained. 

The  initial  condition  is  determined  by  the  nature 
of  the  liquid  feed  to  the  column.  Equation  2  can  only 
be  used  with  axially  symmetrical  sources.  The  most 
common  case  is  that  of  a  distributed  source.  If  an 
ideal  distributed  source  is  assumed  the  initial  condition 
cam  be  represented  by  the  equation 

M(r»0)  a  f^  for  0  ^  r  a  (6) 

The  total  liquid  rate  to  the  column  is  then  TTa^  f^. 

^or  the  distributed  source  z  min  s  0,  and  V(o)  m  0,  and 
2  becomes 


M(a,z)  «  fi  TPaDK 


dz 


(7) 


A  third  boundary  condition  is  that  of  symmetry 
of  the  flow  profile  about  the  column  axis.  This  is 
sxprssssd  as 

(■^X.0  *  “  f"’ 

Using  equations  6«  2  S.  equation  £  was  solved 
by  the  method  outlined  below. 
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It  ±8  known  that  equation  ^  has  a  solution  of 


the  form 


M(r,z) 


E  Jo(-h£)  +  B  Yo  (^)J 


but  the  boundary  condition  ^  cannot  be  convonlontly 
used  with  this  solution.  The  equation  £  was  therefore 
solved  by  making  a  number  of  substitutions. 

(1)  0  (r,z)  *  M(r,z)  -  f®  (9) 

(2)  y(r,z)  a  r.0(r.z)dr  (lO) 

(3)  y(r,z)  s  ^(r,z) 


The  final  solution  In  terms  of 


^^r,z)  =  - 


n  terms  of  (r,z).  Is  then 
a  f°  /  1  +oC  \  y 

+  VnK)\^n(*(  ^1n^+4#-4)/ 


where  aC  X  ^/rfa^K  (13) 

and  U  Is  defined  by  the  equation 

2  Jo  (  ^n)  =  0  (14) 

The  solution  In  terms  of  M(r,z),  found  by 
substituting  back  from  equations  £,  10  and  Into 
equation  ^  Is 


OS 


From  u  the  liquid  flow  rate  per  unit  area  at  any  point 
(r,t)  In  the  column  can  be  computed  In  terms  of  the 
Initial  uniform  distributed  flow  rate  per  imit  area, 
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The  calculation  of  M(r,z)  involves  the  knowledge 
of  the  two  parameters  D^,  the  liquid  spread  co-efficient, 
and  K,  tho  wall  coefficient  (which  appears  as  a  factor 
in  ). 

(c)  Determination  of  the  Pareunotors  and  K 

The  values  of  tho  paranietor  and  K  depend  upon 
the  physical  conditions  In  tho  packed  column.  The  precise 
factors  upon  which  and  K  dopond  cannot  bo  stated  until 
they  have  been  determined  under  a  number  of  conditions, 
but  it  is  likely  that  depends  upon  the  typo  and  size 
of  packing  emd  K  upon  tho  type  and  size  of  packing  and  the 
ratio  of  packing  size  to  column  diameter. 

D.  and  K  can  bo  determined  experimentally  using 
a  packed  column  which  has  provision  for  collecting  the 
liquid  rtinning  from  it  in  a  number  of  concentric  suinular 
vessels  of  known  radii. 

D  can  only  bo  determined  independently  of  K  in  a 
column  operating  with  no  wall-off oct.  Tj^is  condition  is 
best  obtained  by  feeding  a  small  area  or  "point”  source 
of  radius  b  to  tho  top  of  the  packing  with  its  centre 
at  tho  column  axis.  If  tho  height  of  tho  packing,  z*  is 
so  adjusted  that  tho  liquid  ^ust  reaches  tho  outer  collectixig 
annulus,  whoso  inside  radius  is  £,  then  tho  boundary 
conditions  for  use  with  equation  £  arc,  are. 


M(r,0)  = 

f°  for 

0  r 

<  b 

(16) 

M(r,0)  = 

M(c,z)  = 

0  for 

0 

b  r 

<  C 

(17) 

(18) 

Tho  solution  to  2  obtainod  with  those  boundary  conditions 

is 


(19) 
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whoro  Jo  (  s  0  (20) 

From  ^  tho  proportion  of  tho  total  flow  rato  (» 
appearing  at  a  depth  ^  within  a  radius  d  (<  c)  of  an  inner 
oollocting  vessel  is  evaluated  as 


(21) 


The  R.S.  of  equation  21  is  calculated  for  a  number 
of  values  of  (D^^z^/c*)  and  tho  values  plotted.  From  tho 
graph  tho  value  of  (Dj^z^/c^)  corresponding  to  tho  oxporimontally 
determined  value  of  tho  L.S*  of  21  is  detorminod^  and 
hence  is  evaluated. 

K  con  bo  determined  indopondaintly  of  by 
use  of  equation  2^  when  z  is  large  Equation  ^  predicts 
that  at  infinite  packing  depth  tho  flow  rato  attains  the 
radially  indepondant  value  of  (o(/g(-i>l)  times  the  food 
rato  per  unit  area*  Tho  depth  of  packing  is  increased 
until  this  equilibrium  rato  is  approximated  to.  The  flow 
rates  per  tinit  area  in  all  but  tho  outer  collecting 
axmulus  of  the  distribution  column  should  then  bo  approxi¬ 
mately  tho  same .  It  is  unlikely  that  there  rates  will 
bo  exactly  similar  owing  to  channeling  and  to  the  uneven 
arrangement  of  tho  packing  elements  resting  on  tho 
collecting  vessels.  An  average  of  tho  several  values 
should  bo  talcon.  If  this  average  flow  rate  in  tho  pack 
Is  donotod  by  f^  wo  have 

whonoo  K  = 

nsL 
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(d)  Experimental  Testing  of  the  Liquid  Spread  Equation 

The  six  Inches  diameter  distribution  column  was 
modified  for  the  purpose  of  testing  the  liquid  spread 
equation.  The  concentric  i*ing  collecting  pot  was  replaced 
by  a  honeycomb  plate  containing  123  hexagonal  collecting 
pots  by  means  of  which  a  more  dotailod  observation  of  the 
radial  variation  of  the  liquid  flow  rate  could  be  made. 

The  liquid  riuining  to  oach  of  the  123  pots  from 
the  packing  was  collected  in  rows  of  measuring  vessels. 

The  radial  variation  of  the  liquid  flow  rate  was  determined 
by  talking  the  average  rate  of  sets  of  pots  situated  at 
the  saune  radial  distance  from  the  centre  of  the  honeycomb. 

The  liquid  distribution  produced  by  -J-'*  Coraimic 
Rashig  Rings  in  the  six  inches  diameter  column  was  studied. 
First,  the  values  of  and  K  for  use  in  equation  19  were 
determined  by  the  methods  indicated  on  pp.  22  and  23. 

Equation  19  was  then  used  to  calculate  the  variation  of 
M(r.z)  with  r  for  a  number  of  values  of  z  up  to  12  feet. 

The  calculated  variations  were  compared  with  the  corresponding 
experiment  of  variations.  It  was  found  that  there  was 
a  largo  scatter  of  the  experimental  points  and  that  no 
significant  comparison  of  the  predicted  and  experimental 
radial  variations  could  be  made. 

A  more  dotailod  experimental  study  was  then  made 
of  the  liquid  distribution  produced  by  6  inches  and  12 
inches  packed  depths.  20  mms.  were  performed  at  oach 
depth.  After  oach  run  the  packing  was  removed  from  tho 
column  and  reloaded  in  order  to  alter  tho  random  arrangement 
of  the  layer  of  rings  resting  on  tho  oollocting  pots,  which 
arrangement  has  boon  found  to  effect  tho  measured  liquid 


distribution. 
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(b)  The  average  radial  variation  of  the  liquid  flow  rate 
was  compared  with  the  corresponding  predicted  variation. 

It  was  found  that  the  experimental  and  predicted  variations 
wore  in  broad  agreement*  In  particular  the  predicted 
sharp  fall  in  the  liquid  rate  in  the  zone  of  packing 
adjacent  to  the  wall  was  confirmed.  Howevor,  the  theoretical 
flow  on  the  wall  was  found  to  be  somewhat  higher  than  the 
experimental  value. 

The  experimental  points,  based  on  tho  average  of 
20  runs  wore  again  considerably  scattered.  The  standard 
deviations  of  the  means  of  the  20  runs  were  of  tho  order 
of  50^/0  of  the  means  themselves,  so  that  no  detailed 
conclusions  could  be  drawn  from  the  cxporimcntal  study. 

Tho  scatter  of  tho  experimental  points  is  thought  to  arise 
partly  from  channeling  of  liquid  running  through  the 
packing.  Tho  effect  of  channeling  is  difficult  to  predict 
theoretically,  and  the  possibility  of  channeling  occurring, 
must  always  bo  an  objection  to  a  simple  theory  of  liquid 
distrib.  tion. 

The  scatter  of  points  in  tho  experimental  liquid 
distribution  experiments  must  throw  doubt  on  sorac  of  tho 
published  liquid  distribution  mcasuronicnts  and  may  explain 
the  contradictory  results  which  arc  reported. 

(e)  Extension  of  the  Theoretical  Work  to  Mass  Tramsfer  in 
Packed  Columns 

One  method  of  estimating  the  mass  transfer 
in  a  packed  column,  starting  v;itU  the  Liquid  Spread  equation, 
was  outlined  in  tiie  F.T.S.R.  of  December  I960  (see  p.  2l)  . 


25 


A  aooond  mothod»  using  Slmonslonloss  Analysis 9  Is 
bolng  oonsldorodt  Tho  porformanco  of  a  column  is  known 
to  depend  on  a  largo  numbor  of  operating  variables*  Tho 
most  Important  variables  aro  thought  to  bo 

(1)  tho  Liquid  RatOi  L 

(2)  tho  Vapour  Rato 9  G 

(3)  the  Hoeoi  Slope  of  tho  oqullibrium  ourvs 

(4)  tho  Typo  and  Sizo  of  paoklngt  honoo 

(5)  tho  Dopth  of  Packing!  s 

(6)  tho  Coliunn  Dlamotort  2^ 

(7)  tho  Wall  Co-offlolont!  K 

(8)  tho  Liquid  and  Vapour  phase  Hass  Transfer 

CooffloloAtOi  Jc^  and  k^  • 


Tho  ratio  of  tho  ideal  H«T,U*  •  io  that  obtained  with 
ovonly  distributod  liquid  and  vapour  phases ,  which  can 
bo  prodiotod  by  standard  mothodSt  to  the  actual  H.T.U*! 
can  bo  oxprossod  by  a  dimonsionloss  equation  of  the 
form 


H*T*U.  ideal  f^ll^ 

H.T.U.  acijual  L 


m 

m 


A  dimonsionloss  equation  of  this  kind  suggests  a  numbor 
of  oxporimonts  which  would  bo  porformod  to  dotormine  tho 
offset  of  tho  groups  appearing  on  tho  R.S.  of  tho  equation. 
At  prosont  oonsldoratlon  is  being  given  to  tho 
typo  of  apparatus  suitable  for  tho  oxporimonts  suggostod* 
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(f)  List  of  Symbols  uaod  in  Part  3 


a 

b 

c 

d 

fm 


r 

y(r,a) 

Z 

z ' 


z  min 


D 


L 


K 


A,  B, 


M 

W(z) 


Jo 


i 


Yo 


0(r,z) 


radius  of  column 

radius  of  "polnf  sourco 

radius  of  colloctlng  annulus 

radius  of  anothor  colloctlng  annulus 

distributed  food  rato  por  unit  aroa 

liquid  flow  rato  por  unit  aroa  at  Infinite 

opth 

parameter  In  solutions  of  equation  2 
radial  variable 

liquid  flow  function  doflnod  by  equation  10 

linear  variable  (packing  depth) 

depth  below  food  at  which  liquid  first  appears 
In  outor  colloctlng  vossol. 

depth  below  food  at  which  by  liquid  first  appears 
at  column  wall. 

liquid  spread  co-officient 

wall  co-cf f iciont 

constants  In  solution  of  equation  2 

liquid  flow  rato  por  unit  aroa  In  tho  packing 

liquid  flow  rato  on  tho  column  wall 

Bossol  Fxinctlons  of  tho  First  Kind 

Bossol  Function  of  tho  Second  Kind 

cf  equation 

function  defined  by  equation  £ 
function  doflnod  by  equation  ^ 
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(4)  FUTURE  WORK 

It  is  hoped  that  work  will  continue  in  the 
Department  on  improving  the  performance  of  the  Parallel 
Vertical  modified  packing. 

When  the  six*inches  diameter  distribution  column 
has  been  roconstructod  it  is  hoped  that  more  detailed 
liquid  spread  inoasuroments  for  various  packings  will 
provide  further  information  on  the  performance  characteristics 
of  these  packings. 

Research  work  is  likely  to  continue  on  pressure 
drop  measurement  at  pressures  of  1-10  mms  Hg. 

It  is  hoped  that  the  predictions  of  the 
Liquid  Spread  equation  v;ill  be  further  tested  in  the 
modified  distribution  coluiun,  and  values  of  the  parameter 
and  K  detorwined  for  a  number  of  packings. 
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Explanation  of  Graph  5 

Graph  "SA .  Distributed  Feed.  Variation  of  Distribution 

with  Total  Liquid  Rate 

<£> - O  -  200  Ib/hr.ft^. 

— - -  450  Ib/hr.ft^. 

^ - X  -  720  Ib/hr.ft^. 

Graph  5B  Distributed  Feed.  Veirlatlon  of  Distribution 


with  Depth  of  Packing 

- . — ■  ■  -  -  ■  4*  -  One  Packing  Section  (a  4  inches) 

Q  . -.—0  >  3  Packing  Sections 

X - g  >  6  •' 

A - ^  -15  " 

Total  flow  rate  a  400  Ib./hr.ft^. 


Graph  5C  Central  Point  Source.  Variation  of  Distribution 

with  Depth  of  Packln 

-  One  Packing  Section 

-  3  Packing  Sections 

-15  "  '' 

Total  flow  rate  a  550  Ib./hr.ft^. 

Graph  5D  Comparison  of  Distributions 


X  ■  -  X  -  Hand-Made  Mesh 

0. "  Factory-Made  Mesh«  Distributed  Feed 
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Point  Feed. 
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COMPARISON  OF  PACKINGS  IN 
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